Calculations were carried out using the Turbomole software package 1 (version 7.0). Geometry optimizations and frequency analyses were performed employing (unrestricted) Kohn-Sham density functional theory with the BP86 exchangecorrelation functional 2,3 , the def2-TZVP basis set 4 (with the corresponding 28 electron effective core potential for Ru) and Grimme's D3 dispersion correction 5 (no Becke-Johnson damping). Single-point electronic energies were obtained with B3LYP-D3 6,7 /def2-TZVP and the COSMO solvation model 8 (dielectric constant ε = 80 for water, default radii). Kang et al. exhaustively benchmarked the performance of different exchange-correlation functionals against coupled cluster singlet doublet (triplet) CCSD(T) calculations. While for each reaction a different functional performed best, B3LYP was found to produce reasonable results for the O−O bond formation. 9 Calculations were sped-up by means of the Resolution-of-the-Identity approach (RI-J, with its corresponding basis set 10-12 ) and Multipole-Assisted-RI-J 13 (MARIJ). Gibbs free-energy corrections were obtained from the normal mode analysis, based on the rigid-rotor, harmonic oscillator approximations, using the Turbomole module freeh at a pressure of 1 bar and a temperature of 298.15 K; no scaling factor was applied to the vibrational frequencies. The Gibbs free energies were furthermore corrected for the change in standard state from 1 bar to 1 M by adding 1.90 kcal mol −1 (resp. 1 bar to 55.6 M for water, 4.28 kcal mol −1 ). Deprotonations include the solvation free energy of a proton (but not its translational free energy) of 265.9 kcal mol −1 ; reduction potentials are given relative to the standard hydrogen electrode (SHE) which was taken to be 4.28 V 14-16 . The standard reduction potential was calculated as given below, where n is the number of electrons transferred, F is the Faraday constant, ∆G • reduction the Gibbs free energy change of the reduction and E absolute SHE the absolute reduction potential of the SHE:
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(1)
Proton-coupled electron transfer reactions include the energy of half a hydrogen molecule 17 whose Gibbs free energy correction consists of the zero-point vibrational energy plus a thermal correction of 0.52 eV 18 . For comparison with the ideal catalyst (and only there), PCET free energies were scaled by 0.807 which is the ratio of the computational and the experimental free energy for water oxidation with our settings. Larger basis sets were used to calculate singlepoint electronic energies (def2-TZVPP, def2-QZVP) but did not influence the relative energies significantly. Electronic contributions of the multiplicity on the ground state was neglected when computing the Gibbs free energy as it would amount to only 0.41 kcal mol −1 for doublet states and 0.65 kcal mol −1 for triplet states.
Bond Scans
The scans were done with geometries optimized at the BP86-D3/def2-SVP level and B3LYP-D3/def2-TZVP single-points. A good nuclear structure can usually be obtained already on the def2-SVP level and for our scans the reduced computational time was crucial. All scans were calculated as restricted singlets on the Ru(II) oxidation state and a step-width of 0.1 Bohr was used around the equilibrium geometry (3.3 to 5.0 Bohr) and 0.2 Bohr for the rest. For the electronic energy calculations (in the def2-TZVP basis) the proper propagation of the orbital guess for the self-consistent field procedure and damping proved to be critical in order to obtain smooth curves. Structures are sequentially deprotonated from left to right. It is noticeable that in these arrangements the proton is more likely to shift from the oxygen to the pyridyl fragment. Highlighted with blue rectangles are two of the structures of the thermodynamic cycle which are comparable for cis and trans in terms of oxidation state and protonation pattern. The energies of the cis isomers are higher than those for the trans isomers, therefore it is unlikely that the catalytic cycle involves any of the above species. Notice how in the Ru(V)−O structure the ligand strain has led to a nucleophilic attack on the oxygen. This might be an artifact of the absence of explicit solvent molecules.
Oxygen Evolution
Because of the large dependence on explicit solvation, structures with one more additional solvent molecule for the TS of Py5OMe were prepared and optimized (3 water molecules = 1 for WNA + 2 for solvation). We limited ourselves to structures where the second explicit water molecule belongs to the first solvation shell as seen in Figure S2 . The activation energies for these structures are quite similar to those obtained with only one explicit solvent molecule (15.6 kcal mol −1 ) and are in the range of 14.3 to 17.1 kcal mol −1 with respect to the separated reactants, or between 5 to 10 kcal mol −1 with respect to the associated complex (Table 2) . Regarding the value with respect to the separated reactants, it appears that there is no need for a second explicit water molecule as the activation energies are quite similar. However, with static calculations, it is in general difficult to meaningfully sample all possible starting guesses. The structures with two explicit solvent molecules resemble those with only one very much, because we used them as starting guesses. Therefore, with different starting guesses one might obtain other structures with a significantly different pattern which may lead to other values for the activation energies. For such a task molecular dynamics or other techniques may be more suitable. 
